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[0 0 0 1] 

*mm&. ytmmn. mytmn. »3M1k<d*bi:£8l ztTfT/uxm&xm 
jc«y, j: vmv<\,-£mM<Dffi.£k<D%$:Mm-t2>ybw.mm. mytmmm^m^ 

[0 0 0 2] 

immmm^ , 'mts^iR^&asBt-r^fcftcouy^ 

[0 0 0 3] 

R=K • X/N. A. (1 ) 

DOF = i/2 (N. A. ) 2 (2) 

tC «fc o T tl ■€» 4r,3t $ *l -5 „ 
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-yWtm*: <fc U/hS <"T-g>fe«blC. (a) Jt«j£8SC K £ /J\ $ < f & . (b) N. 

a. £*^<-r&, (c) nybmmwyt<Di&&i*:frz<ir&. ©3o®w 

&»;, Stfito. 5~o. 8g,K©liS:i:«. ^CDfeRKfe/hS <-rs^tt, Ja 
[0 0 0 5] 

HSPifcN. A. (1) j^e>*©«3fii«^:^v^is^»«t*R&/hS<^ 

cKDrfcliRiSMcsS (2) frZmZfrte&olzM&MmvoFtfn<te 
otbi^i:5:ti*n. Z.<Dfc®>. N. A. ffi tt^c ^ <-rsic s»y 

[0 0 0 6] 
[0 0 0 7] 

^Tb^aftlciU, ^f'^N't^LTli^OSH (gE 

2 4 8 nm) ^ffiMSKr F x^*/ Tl/— *f S3fe*ili"* K. r F:n3f 

1f • Xff^ilti:ft»Jooft5. ^ftTfttS &lC*gilfc*©3te«fc bTA r F 

xdpi/Vb— if (il«19 3nm) fc^m* 5S3"6it0^^I«) feflT 

[0 0 0 8] 
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[0 0 0 9] 

(Er) ^©^±^76*^ k- t°-& ti t~% ? r-r a* mmm 7 r-r At 
vx&ti7 y -r Ammmvmm t Timj&ft^m&izmM-t z r t tis 

[0 0 10] 

<i A<DWLmz2bt=.^Tnmzmmm-7 r j A*m<z.£iz&z>-t>K zwn^izm 

[0011] 

£\Zib$> c 

[0 0 12] 

[0 0 13] 
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^■T^^^'^x©v^•r^l^&^*^i:-r-g>^Mra^^ d 75) as* 

tft-rsift*3E«l« (16 3) h ; &4B*.-S#WSHrefe<&. 
[0 0 15] 

[0 0 16] 

#»l8©3fe««*T»Ji, l&IB3fe#«»»MS:. 3l£&itt53rL »fi37 
©MHCKWfetife^^y KilS:^t"63fe7r>f A (17 5) fc-rsfllfiRfc-r* 

«77^/^ £ * y , <fc y wsicjfcwn* st^t* £ * - 

[0 0 17] 
[0 0 18] 
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[0 0 19] 

% 1 o g >3Ettre-tt-3fc«ffl, Mas 1 «r, i«7 r i g a/ i g *"ft*->j ff 
^iinrtms. a^3f§-£fcte, #NK7§M65*«SfC. 3fc«tt»*>£>#ffl 

So 

[0 0 2 0] 

-r&ytmmmthTttsmcDybmmm de) ^i^sg^tT^s. • 

[0 0 2 1] 

[0 0 2 2] 
[0 0 2 3] 
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[0 0 24] 
[0 0 2 5] 

Hi tea, *»^3^c«sy6«lei^lS:^^^?«^Ksnfc— ^«s^«tc««ii3til 

[0 0 2 6] 

z.<Dn%mm oit ftst&isi e&mra^^i 2 a* snares z<d 

X^fcbTCDi/^^R l/f?Wf-yRST, l/^/l/Rfrfcl* 
[0 0 2 7] 

t&S33fe*§£* 1 6 H:, #92.fc£, tSl9 3nm (Ar Fi^ri/TU-f^ilS 
Jffl— »*) tf>#^/t;i/X3fc, &SVW±3ft«l 5 7 nm (F 2 U-if}fei:««ra 

, fcirffiHRE^* 1 2 , Ufi?Mf-^RST, «»mPL, z^;i/h* 

[0 0 2 8] 
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6fcfc, ftSffil 6 A. l/-"iHB»f£«l 6B, W3"fc*tIW^Sl 6C^m 
[0 0 2 9] 

6 3, hf-A^— 6 4MMtM 6 5*&-a^*e#jS34lT^S. 
[0 0 3 0] 

fufE/^l/^T^MSl 6 0&, ?3fc» 1 6 0 A, 3fi*y^5BSl, BS 
2. 3fcT>f VI/-* 1 6 0Bfttf^SeW»i:bT©*St3lfe^3gW# (JB*T> r E 
OMJ £V^) 16 0Cf^f§„ I/— ?3fe*l 6 0 A 

1 6 3 *T<Z)^(Z)#S*raii, ft^T-f ,*^lCJ:oT#$*»K:S8B3*lTV>& 0 
[0 0 3 1 ] 

Mfil. 54 4 /tm, jfttt2$ffi:ft (JKT TCWffi^j fcV^) 2 0mWOI 
nGaAsP, DFB^frlz-^fflV^&tlTV^S. JKTKlfeV^Ttt, U-if 
3fe«l 6 OA$:jit rDFB*iftl/-f 1 6 0 Aj £*>l#&%<Dt1r&. 
[0 0 3 2] 

fi) ^ftBfeHMtfcfcoT^S. 
[0 0 3 3] 

t&SHfefcy^B S 1, BS2£bTW\ j8jft*#9 7%g£©%>©tfM^& 
tltV\S„ £©fc«>, DFB^V-f 1 6 0 Aj&»e>© l/—if3fe», 
7BS1 iCfcoT 2olC^tta*l, ^©9 7%1IMM**^7BS 2 fC 

y^7BS 2JCA#bfel/-if^tt)t*^^ , 9B S 2 tC<fc oT#fl££*U ^©9 
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[0 0 3 4] 

[ o n ^ r ] 

IffSE^T^ y 16 0BI1 ^^7B S 2^e>EOMl 6 OCC^ 

#16 OBtCfcy, Sftf^ (I'J^) Cj@H"r*DFB3M*frl/-1f 1 6OA0 
[0 0 3 6] 

B&faEOMl 6 0C!t ^T-f V 1 6 0 B SrSiitUfcU-lfft (CW)t 

*K33EM) #«^e>ftTH*. EOM1 6 OCtt, ftMftf&IK 1 6C^?> 

m$ti^«ffiA;i/X{cMbT^WStifcA;i/^^$:m*-rs 0 #Ix.k£* eo 

Ml 6 0 CIC£ *JDFB4^#:l/--»f 1 6 0 AT'f§g£ tlfc I/— !f3fej0Wl/;* « 
Ins, ttyjgUSSfcftl 0 0 kHz (AA'ZlISSl 1 0 a s ) CD/\°;i/*#JC^ 
IfcyagLMiKRWU 7T^A*«*KlfeJ**ASE (Amplified 
Spontaneous Emission, H*!&fifcffi3fc) ^ -f X©l&»&«r0^£«fc#j»K3 tl-S 

o 

[0 0 3 7] 

EOM1 6 0 C A(7)^MEi: D F B M^l/-f 1 6 OAA0M1 

, m^5itS:l^±-rSZ:i:^-e^S 0 £5 CTtlK, EOM16 0CO»&M 

r £#«rfg{c&£ £ £: fete, ^^/^^©^fiWHI^ftfi^BBJftJttf-e©*! 6 
jfc^if$:J:»;ffi#{C^-tSri:^ortglC^So EOMl 6 0CfCftiT 
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. &wyti&ymmm* (aom) &jBv^~i:fc«ftre&5. 

[0 0 3 8] 

mmmmmi 6nt eomi 6 o cfr^©A^xft&mii@^£%<z>T% m 
3\zi&znz>&oK. eomi 6 o cfr^fDrtji^ftzmmmizmfflmizMv-fr 
wxti-m (Wx.it. 128M) -r**^«»i 6 mm<D^mm^thx 

[0 0 3 9] 

8, ±^0EOM1 6 0 C(Dm±5%}L^yzf^thL^m^. Z.?hTm*>tlfc& 
m^mmmyr^ /tl 7 5C&&t-£MH>i(I#*fl:^S (Wavelength Divis 
ion Multiplexer:WDM) 1 7 9 &#x_T^£„ f bt, if :7 7 -f A 1 6 8 
&tfWDM 17 9 Si^SS 17 6 fCJ&2fi$*lT^& 0 
[0 0 4 0] 

lalBifiPSffi^T-r^l 7 5tt, 7*X7x^N^7X^±#i:U ZlT^rr 
v K&IU aTCEr, v^iE r £ Y b k.v> zm<D^*y&^mmz F- 

Sifcii)>T'^ H— © 3fe*tfW & # £ & tC&^& 7 7 ^:ft#t£5feGD U j& # 
7X|677^ffil/10 0gI^j;S t «*tt«m~» 1 0 mODJI 

[0 0 4 1] 

u±<D£-5izmmzn&-7Tj ajbssi 6 7ic£v>t, ifUM^T-f/ti 7 

5tC. ajSJS4MH*l/-- !f 1 7 8#38£Lfc>K>:7##WDMl 7 9 *ftLT& 
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m^tlt^MX^ WDM1 7 9 &frLT^JVX?btfAML1%mm-7 7 4 ^ 1 7 5 

>gca,^ 6 BflEffiaEWKl A57^^h )l<CD&-& U 3 ft % <P ft o T 
[0 0 4 2] 

0«*««©Erl:K-^t5IH, flfcfe©S/y ##9:* «fc *J fc, H#^V>f£ 
f9,^jBCl*BI«SSb«>SSH©lo-C»S9V>5pJ««3R (Raman Gain ftft) 

^SS0®I0^ ffi* t S 1 1 ^ ft S „ #&*$Sfcy 1 

[0 0 4 3] 

[0 0 4 4] 
[0 0 4 5] 
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[0 0 4 6] 

tffgB^##:b— ?1 7 8tt, DFBf^b- if 1 6 0 A tCfcttS3§ig&;R<J: 
y^Mv^* 9 8 0nm) ©ftSriK;/:^ £ bT3§£-T 

»WDM1 7 9 Sr/M,TJfipg«7T-f A 1 7 5lC^$tl, *niZ£ l JE r 

JC, jB&jgM^#^l^— !f 1 7 8te, MM^f 1 6 C&C<fcoT»|I3#l£ J: 3 
[0 0 4 7] 

[0 0 4 8] 

6CT'tt, Amm^l 6 7^P>©#ffi;fr#— i£*Cfc£ 

±e>ic (Kp-b/i^^^-rs ie»to , &ffimm¥m&i/— r i 7 8© k^>t >rm 

[0 0 4 9] 

^xm&mmmi e 3{c&tf«s>}mg£ ; e-#u wiM&m&i 6 3^e>©^ 

[0 0 5 0] 

^©J;e)&Mi:t5ii:i:j:y, #7 r >f Aifipi^ 1 6 7 ©if ipgsfstf-jttf: 
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[0 0 5 1] 

«riai«*3E«i» i 6 3 «aR©#»^#^*es£-£#. «r&*tMB3*ifcA/i/ 

2/VU-'-»f4:raCffl^j!ft£ (19 3nm) G)-tf/l/;*9S*3feS:$8£'S"<&. 
[0 0 5 2] 

H4K1H:, i<30«S^iJI*l 6 3<Z>#/»#^£*lTV^ 0 33T% CICDBUC 
H^TtftSUKifeS&l 6 3<7)*WJlC0VNTm^i-^c H4JCJi, ^ifipg 

^Jl 6 1 >b^Mm$tb<5>^£l. 54 4 #m(Z)l*$^ #*i?gM**§fi&J8VA 

9 3 nm©I^I:^t5M5:^t 0 
[0 0 5 3] 

H4 16 3 Tftt, m*WL 1. 544^m)-*2 ftft (}&£ 

7 7 2 nm) 3 (ifcR 5 1 5 n m) ->4^ (?&£ 3 8 6 n m) -»7^$& 
(^£2 2 1 nm) — 8^M Oft* 1 9 3 nm) ©HRiC^£^m^*>n-5c 
[0 0 5 4] 

Zltl&XlCf^aif 2>il, Mlfl 6 l*P>aj*3tl§tfil. 54 4/nm ( 
CD«*^^ llSOM^il 8 3 iCAM-TSo **«3^21 

cD*»3g3ife^ies i 8 3 zm&mz, 2ik^mwLft£.K&vm*m<z>mwLWLa><D 

2m> ■t&t>*>m$im2 a> (t&RH:l/2<Z>7 7 2nm) 0 2M»t5. 
[0 0 5 5] 

£©l«B©#»7g)»*gl&l 8 3tlT, L i B 3 0 5 (LBO) JBStfJB^ 
<fc-&^^ NCPM (Non-Critical Phase Matching) #^M3*l£>„ NCPM 

<fc £ If - *» ^ # V % i&OTJT & -5 o 
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[0 0 5 6] 

Lfc2««£tt, ?»I^Si8 4t-etif^t«, i«5©3IJ£tf£*.S> 

*lT, I*I©M0S3Wln|^9OS®«l, 2aa©*»J^3fe^lSfel 8 6 
KAtt-f&o 2ggO#»^^l 8 6 h bTLBOHl^ffl^&nSi:!: 

* < oLBom&tt . i mB e o#Mi&ft m ffi& (lbom&) ls staaii 

^feSNCPMtftffiStlS. i©*»^*Sil8 6Tfa:, lfig©** 
8 3 &»3ftbfcS*«fc3^e>fP|8?ft^K:A y 3«£ (&*5 l 5 nm) 



[0 0 5 7] 

^f^ii 8 6^IlLfci$t^i^2Mi:li, #>f *n>f v9 • 5 9- 

1 8 7|Cfc»;^lllS*l, mf£»S*lfe3«»ttI*l/>X19 0, &tf*~>f 
?n^f-^-$7-193 ?:IoT4f 9 5 iCXM^Z* 

*V ^n-f • 5 9-1 8 7&£3tbfc£#ift;fc«fctf2««8u 
yXl 8 8 feIoTSSH©*«^^»Il 8 9lCA«"r-5o 
[0 0 5 8] 

SfctJlS *l"f JC*<D L B 0£gH£^i&1-£ % JC. 2 ffifafctf L B O^gHT* 2 
W«»^fCJ:y 4^® («JftS 8 6 nm) iC^Stl^o W3fc^^l 8 9 
Tfc&ftfc4#2fcfc*ftfc^u&l£#$fc£a:, ^^0>f«y^ - ^7-191 

>f^ n -fy*-5 9-19 6*eS*fS*lT5aB©*»^^«ffil 9 8 KA#f 

^€> 0 — #>f*n>f • 39-1 9 lT?jRS*3ftfc4«miU 

1 9 2S:Iot^^n-f^? • =9-1 9 3iCj£U Z Z T*$f>f 9 U -4 y 2 • 

59-18 7^fcttzftfc3mm£mM\z&mtttix4mn<D#mBft¥M&i 
9 5 icA*f-rs. 

[0 0 5 9] 
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4&B<Z>#»Jg3fc3*iltBl 9 5tlt«, /3-B aB 2 0 4 (BBO) |£&tfJ8 
V>£*1, 3«ifti:4«|R^^e>3BlJ9«^K:J:y 7#|ft ($fi2 2 1nm) 
-So *»^3tt^*gfil 9 5T*#f>tlfc7M»l3i61/>Xl 9 7 £ S £ t £ C 

, ^r>f^n>fy^-$9-i96-e, #V ?n-f • 1 9 1 zmmbtc 

[0 0 6 0] . 

t^&sftlMafit^tCJ:*; ($U9 3nm) ±mmfi.K&^T. 

7MMBBOiil 9 5. ^8MMLB0^1 9 8 <Dfrt> »J JC 
, CsLi B 6 O 10 (CLBO) &gfe£V%&L i 2 B 4 0 ? (LB 4) |££&jg 

[0 0 6 1] 

ST'^S 1 5 7 n m(A^3££^3£ "Turtle LT%J:V^ 
[0 0 6 2] 

H2tcjfy, ffrgBtf-A^-^flMii 6 4«. irttt77^'Mn- • x# 

n> (Fabry-Perot etalon : J^T, roc # n >Ht^\| £=fcV^) &tf:7 * h #>f 
^tiTVNSo If-A^-^flMU 6 4$r«^-5x^n>^lCAi*Lfe^ti. 

^Sfc^-TrfctCJ: *) % tf-A^EX^^16 4, P 

tzAMytoytmftmzM-t&mm ( 
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[0 0 6 3] 

Bf ^U-f 1 6 0A&^7LfctJt5. 

[0 0 6 4] 

MmW.M.-tA'l 6 5&, DFBff#:l/-fl 6 0 A<D$&MWL&<DmMWi&3r 

. 5 4 4 ^m(Z)DF B^#l/-ifl 6 0 A^fl|V%^|XTVx§||^^^> > ^JR-fe 

l^feft # M W £> *i T V > £ „ 
[0 0 6 5] 

f^X.T, ±H*l,fcifcg2EiJI«l 6 3©cpl» (2#3& 3#ifc 4ffifflg«) 

3 mmzmm-tzmtrizte. m& 5 03 nm~5 3 0n m(D&mizt%m.mtfmz 

[0 0 6 6] 

o 

[0 0 6 7] 

mm\y-ifmmmm 6bh t?-A^#am 6 4<z>ffi^icgo*vxTt/- 

(«J£?S*) t&Si^JCDFB^ffrl/-" 9*1 6 0A©MM$if^I CRtf*ifetW 
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if 1 6 OAOUmZO. 0 0 lT3*M|It§r nTtgt&oT^£ 0 
[0 0 6 8] 

FB3M»#l/— ifl 6 0 A<Z>^;ixmj} Z&m&jJ £0>WW> Jk&'tO) A°;i/* ffi 

m£tl^-r 5 J :-9tC % DFB^ftl/-f l 6 0A g ) ^ ig f $:fi ^ 

[0 0 6 9] 

6 Bfciu 0;fr£>tf>*§;*tCjSCT. DFB#3g#l/-1f l 6 0 Atf)#g 
[0 0 7 0] 

^©fii^ii, mm^i o- 1 1 24 3 3m*mizmmtmx^z> 0 z.e> 

o 

[0 0 7 1] 

LT^S5(3Dl/--tf^#tf 5 4 RiC^oTftSJStU Z<D U-if ^ 5 4 R©ft 
^^^^^6 5 0lC^$tL§«fce>lC^oTV^^> o 
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[0 0 7 2] 

[0 0 7 3] 

fc, rOtM^PLtbtS, #»f&*j8#«*.tf 1/4, 1/5, 1/6 
&£«6fc©#ftJB3;riTV*S 0 3©£#>, fctfBtf>#tK IT, »3fe3fe I L tc J; *J 1/ 
^^;i/R±MTO^4 2R^H$tl§L -£©i^*;i/Ric^£*i£:A 0 # 
- > #«l&3te5** P L }C «fc o T SUB-fW /3 $ 41 fefctf^ffiJC U h 

[0 0 7 4] 

5 8±tC>F®m©^X7\3}>;i/^S:^bT^x/\W*m^®*^{C<fc yfi8$3*lT 

5? 5 8±lC0^$tlfc^«f^5 2W^lt^©l/- if^ff 5 4 WiC<k y#f 
»3*U r©l^-1f^ft5 4W©tfM^itI^S5 OCMStlSi^C 

[0 0 7 5] 
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yifA^ti) tmm ft? tiW-ibtiT^ztf, sits, 

[0 0 7 6] 

[0 0 7 7] 
[0 0 7 8] 

i/^#/i/R©7^>f h&fr^tfr&tcB:, * -f 5 o jc «fc y 

# ;i/ r±<o * ;i/ v - * m& £ «fcpici^?;mi:z h ;* -r- - V 

&rfr b f~m*Mm-?z> zliz&zot*. myb%<D$L& t mtm-cDWi&vybtfm 

[0 0 7 9] 
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[0 0 8 0] 
[0 0 8 1] 

T&mo^yft-fy&tcUTsVy h<Dm$:j&&tZ>frtb<DffiMybM : &. 3"6«|AX 
{CMbT^^foJJ: Ufl^lt-r^MM^^6 Oat, **ie>©*§fc3tJfcCD#:i:/N 

2 8 3 4 0 3#&##lC|f§;it£;riTV^ 0 
[0 0 8 2] 

[0 0 8 3] 

iwa^«fl»««5 ott, cpu w&mw.&mmm , romcj-f-^ 

y • J^U) , RAM • T^-feX • ^U) f^^SW5V>f 
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[0 0 8 4] 

;i/^r-^RST$:/rtt+ Y#[nJ (Xtt-Y£ft) IC^3£V R = VT^1§ tl 
-SODtC^bT, XYZf-^'l 4 fe^LT^x/NW^R^M^ 2WIZMVT 
-Y^fnl (Xtf . H- Y#lnJ) tC^V w = j3 -V ( g a 1/^ 2 ;i/Rfr k TAWC 

[0 0 8 5] 

#ic, *nifiog^if i otcfe^rm^tJcgS: (n#c) ^^x^wjttc 

[0 0 8 6] 

?;i/R£ l/^/I/X-^-^RSTiitCn- Kt5„ 
[0 0 8 7] 

[0 0 8 8] 

(EGAf) 0-IO77>f^>hXg©^l?:ft^. rtl^ffl^x^Sa 9 
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[0 0 8 9] 

3=MWf£M 5 0 ftft&tt&tf 1/$?* h«a^Jfc&T&£a*ifc 
i#flll|L»^*S:faiAWK:#ASfe«>, ^4f(l$?^g 1 6 C ft 

[0 0 9 0] 
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